1 Jx JY limf(x',y') f(x' + x,y' + y)dx'dy',
where f(x,y) may be expressed in terms of various physical quantities such as optical density, transmittance and x-ray exposure rate, and f (x,y) is to have an average of zero. bootstrap sensitometry: A method to determine the H & D curve of a screen-film system by overlapping separate segments of the curve, where each segment is measured independently. This method was devised to measure the curve by employing two parameter combinations such as tube voltage-time, tube current-time, step wedge-time, step wedge-distance, instead of one parameter in order to cover a large range of x-ray exposure rates incident on the screen-film system. cascaded system: An imaging system composed of subsystems which are connected in such a way that an output of one subsystem becomes an input to the following subsystem. characteristic curve: See H & D curve. contrast: A broad concept representing the difference or the ratio in image signals, such as the optical density, transmittance or radiant exposure, at two selected locations. radiographic contrast: The density differ-30 ence at two locations in a radiograph. The radiographic contrast is related to the radiation contrast, the film contrast, and the scatter fraction. radiation contrast: The ratio between the difference of radiant exposures at two locations and the average (background) radiant exposure detected by a recording system. subject contrast: The ratio of the radiant exposures at two locations detected by a recording system. object (or image) contrast: The ratio of the amplitude to the average value of the object (or image) distribution when the patterns are periodic. When the patterns are not periodic, e.g., an isolated signal is superimposed on a uniform background, the object (or image) contrast is the ratio of the difference between the peak value and the average (background) value to the average value of the object (or image) distribution. convolution: The mathematical procedure that transforms an object (or input) distribution by the LSF or PSF into an image (or output) distribution, when the imaging system is linear and shift invariant. crossover exposure: The additional radiant exposure to the fiim emulsion caused by light that is emitted by the screen placed opposite that emulsion in conventional double-coated x-ray film sandwiched between the two screens. detective quantum efficiency (DQE): The square of the ratio of the output signal-to-noise ratio to the input signal-to-noise ratio. The DQE is a measure of the useful quantum absorption efficiency of an image receptor. edge response: A one-dimensional distribution of an image corresponding to a radiopaque object which covers the half plane (x ::5 0). For linear imaging systems, the edge response ER(x) can be obtained from one-dimensional integration of the LSF, i.e.,
exposure: The quotient of dQ by dm where the value of dQ is the absolute value of the total charge of the ions of one sign produced in air when all the electrons (negatrons and positrons) liberated by photons in air of mass dm are completely stopped in air. film contrast: A broadly defined term which usually refers to a gradient.
film gradient: The slope at a chosen point on the H & D curve of a screen-film system. The gradient curve is a plot of the gradient as a function of the average optical density. average film gradient: The slope of the straight line connecting the two points on the H & D curve at which densities are 0.25 and 2.00, respectively, above the base-plus-fog density. film granularity: A term referring to microscopic spatial variation of optical density caused by the size, shape, and overlapping of developed silver grains in the film emulsion. Film granularity is observed when numerous readings are made with a densitometer having a sufficiently small aperture. Film graininess is the subjective impression of these density fluctuations. Fourier transformation: A mathematical operation to yield the frequency content of a distribution such as for an object, image, PSF, and LSF. See the definition in Appendix A.1. Fourier spectrum (or Fourier transform): The result of the complex Fourier transformation of an object or image distribution. This includes the amplitude spectrum and the phase shift. geometric unsharpness: Unsharpness due to the blurring effects of the x-ray exposure distribution of an x-ray tube focal spot. The magnitude of geometric unsharpness is affected by the size and shape of the focal spot as well as the relative distances between the x-ray tube, and the object plane and the image plane. H & D curve (Hurter-Driffield curve): A plot of the optical densities for a film or a screen-film system versus the logarithm of the relative x-ray exposures. The H & D curve is often called the characteristic curve. illuminance: The quotient of the luminous flux incident on an element of the surface containing the point, by the area of that element. intensity scale x-ray sensitometry: Sensitometry in which x-ray exposure rate is varied by changing the distance between the cassette and the focal spot based on the inverse-square law, in order to obtain the H & D curve. isoplanatism: See shift invariance. isotropy: A term applied to an imaging system whose OTF (also PSF and LSF) is independent of direction in the image plane. light diffusion: A physical process of image degradation in a screen-film system through the scattering, reflection, refraction, and absorption of light emitted by phosphors prior to the absorption by the silver halide grains in the film emulsion. linearity: A property of an imaging system by which the total output corresponding to any weighted sum of inputs is equal to the identically weighted sum of Glossary • • • 31 the outputs corresponding to the inputs acting separately. When output is plotted versus input on a linear scale, this property yields a straight line. linearization: A procedure which allows the application of transfer function analysis to an imaging system which does not itself satisfy linearity. Transfer function analysis is applied to the effective system response obtained from conversion of the output level to the corresponding effective input level. This is achieved by use of the input versus output relationship such as the H & D curve of a screen-film system. line spread function (LSF): The radiant exposure distribution in the image of an infinitely narrow and infinitely long slit (line source) of unit radiant energy per unit length. microdensitometer: An instrument to measure the optical density of small areas in order to determine the density distributions of microscopic patterns on a film such as slit images and pinhole images. modulation: The ratio of the amplitude to the average value of a periodic distribution such as a sinusoidal pattern. modulation transfer factor: The ratio of the output modulation to the input modulation for a sinusoidal input signal. modulation transfer function (MTF): The modulation transfer factor expressed as a function of spatial frequency. The MTF is the absolute value of the OTF. noise: Fluctuations from the expected value of a process. noise-equivalent absorption: The product of the xray quantum absorption and the statistical factor of the absorbed x-ray distribution. noise-equivalent quanta (NEQ): The effective number of x-ray quanta per unit area absorbed and detected by a recording system. The NEQ is the product of the number of x-ray quanta per unit area impinging on the recording system and the DQE. optical density: The negative log of the transmittance, which is the ratio of the transmitted light exposure to the incident light exposure on a film. The optical density measured with an instrument called a densitometer is usually dependent on the geometry of an optical system, the light spectrum of the illumination system, and the spectral sensitivity of the detector. optical transfer function (OTF): The two-dimensional Fourier transform of the PSF. The values of the OTF on a line in a specified direction through the origin are given by the one-dimensional Fourier transform of the corresponding LSF. The OTF is generally a complex function and can be separated into the MTF and the PTF. phase transfer function (PTF): The phase of the OTF. The PTF represents the phase shift, expressed as a function of spatial frequency, of an output corresponding to a sinusoidal input. point spread function (PSF): The radiant exposure distribution in the image of an infinitely small aperture (point source) radiating with unit radiant energy. primary fraction: The ratio of the radiant exposure due to primary radiation to the radiant exposure due to both scattered and primary radiation detected by an image receptor. The primary fraction equals one minus scatter fraction. quantum absorption: The ratio of the number of xray quanta per unit area which contribute to the image to the number of incident x-ray quanta per unit area. quantum mottle (noise): Fluctuations in the output of an imaging system due to statistical fluctuations in the detected x-ray quanta. radiant energy: The energy of particles (excluding rest energy) emitted, transferred, or received. radiant exposure (at a point of a surface, for a given duration): The quotient of the radiant energy incident on an element of the surface containing the point over the given duration, by the area of that element. radiographic mottle (noise): Spatial fluctuations in optical density of a radiograph obtained with uniform x-ray exposure. Radiographic mottle, is mainly composed of quantum mottle, structure mottle and film graininess. resolution: Often a broadly defined term for those imaging properties which are completely addressed by the OTF (or the MTF). scatter fraction: The ratio of the radiant exposure due to scattered radiation to the radiant exposure due to both scattered and primary radiation detected by an image receptor. screen-film system: The most common form of radiographic image detector. It consists of a fluorescent phosphor layer placed in physical contact with a photographic film. Usually, two screens are used on opposite sides of a film which has an emulsion layer on both sides of a support. sensitometric strip: A strip of film which has been subjected to a sensitometric exposure. sensitometry: The science of measuring the response of photographic materials to radiant energy. Contrast, latitude, and linearity of response are among other photographic properties measured through sensitometry. sharpness (or unsharpness): The subjective impression of the distinctness of the edge of a structure in a radiograph. It is related to the magnitude and width, that is, the abruptness of the density change across the boundary. shift invariance: A term applied to an imaging system in which the PSF is independent of the position of a point object moved in the object plane. This property is frequently called isoplanatism. signal-to-noise ratio (SNR): The ratio of the signal content to the noise content. Both signal and noise contents can be calculated by many different methods. One common simple definition is the peak signal amplitude divided by the rms (root mean square) noise, when both quantities are measured with the same aperture. sine wave response: The output modulation transfer factor, together with the output phase shift, as functions of the spatial frequency. The sine wave response is equivalent to the OTF. spatial frequency: The frequency defined in the spatial domain instead of the time domain. The dimension of the spatial frequency is inverse distance. square wave response: The output modulation as a function of the frequency of the input square wave test object. statistical factor: A factor which accounts for the increase in statistical variation due mainly to the· fact that the production of visible light by screens is proportional to the absorbed energy rather than to the number of photons. The overall statistical factor is a product of the statistical factor of the absorbed x-ray distribution and the statistical factor of the light pulse distribution. The statistical factor of the x-ray absorption properties is related to the second moment of the absorbed x-ray energy distribution in the screens. structure mottle: A component of radiographic mottle which is caused by the non-uniform screen structure such as non-uniform coating of a phosphor layer and aggregates of phosphor particles. structured noise: A background pattern usually resulting from normal anatomical structures in a clinical radiograph, which often acts as unwanted visual clutter or noise and degrades the detection of a lesion. truncation error: The error in the MTF calculated from an experimental LSF, which is necessarily of finite width and thus truncated at a certain LSF level, even though the true LSF may be infinite in width before reaching zero level. The truncation error can be reduced by extrapolating the LSF tails prior to the Fourier transform. Wiener spectrum: The frequency content of the noise, which is the ensemble average of the mean spatial frequency distribution of the sum of the square of the sine and cosine Fourier transform of a noise pattern. The Wiener spectrum of the spatial fluctuation f(x,y) can be defined as WS(u,v) = lim XlY II J f(x,y) exp[-27ri(ux + vy)]dxdyl 2 , X-oo 4 -X -Y Y-oo where the bar indicates the ensemble average. The Wiener spectrum is also obtained from the Fourier transform of the autocorrelation function and vice Glossary . • • 33 versa, i.e., WS(u,v) =Jr"' ACF(x,y) exp[-27ri(ux + vy)]dxdy ACF(x,y) = Jr"' WS(u,v) exp [-27ri(ux 
The Wiener spectrum may be called the noise power spectrum.
